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SUMMARY 


This  report  documents  a  brief  study  performed  to  evaluate  the  incident-wave 
surface-cutoff  model  that  is  used  in  the  Underwater  Shock  Analysis  (USA)  Code. 
Comparisons  have  been  made  between  USA  predictions  of  pressure  and  fluid-particle 
velocity  and  experimental  results  obtained  with  fluid-particle  velocity  meters  and 
pressure  transducers.  For  the  time  span  encompassing  shock-wave  excitation,  the 
correlations  are  good. 
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DISCUSSION 


The  fluid-structure  interaction  equations  solved  by  the  Underwater  Shock  Analysis 
(USA)  Code  [1]  rely  not  only  upon  the  incident-wave  pressure  history  but  the  associated 
fluid-particle  velocity  as  well.  Hence,  it  is  important  that  the  change  in  direction  of 
the  fluid-particle-velocity  vector  that  occurs  for  a  near-surface  shock  wave  is  adequately 
treated  in  the  code.  To  that  end,  an  analytical  model  of  the  bulk  cavitation  has  been 
constructed  for  USA  that  fully  accounts  for  such  direction  changes  [1].  The  modest 
study  described  here  compares  the  USA  model  predictions  with  test  results  that  have  been 
provided  by  the  Underwater  Explosions  Research  Division  of  DTNSRDC  [2], 

A  test-configuration  diagram  for  Shot  8459  under  the  UERD  Project  "Sub  Shock 
Motions"  is  shown  in  Figure  1.  The  USA  computations  required  an  inferred  infinite- 
fluid  pressure  history  at  Point  1  obtained  from  the  measured  pressure  history;  this  is 
shown  in  Figure  2.  With  the  infinite-fluid  pressure  history,  the  USA  Code  was  used  to 
calculate  actual  pressure  and  fluid-particle-velocity  histories  at  Points  1,  2,  and  3. 
These  are  compared  with  the  corresponding  measured  histories  in  Figures  3-11. 

Figure  3  shows  excellent  correlation  between  calculated  and  measured  pressure 
histories  at  Point  1.  The  correlation  between  the  corresponding  horizontal  fluid- 
particle-velocity  histories  in  Figure  4  is  almost  as  good,  with  the  only  discrepancies 
being  caused  by  the  delay  in  response  of  the  fluid-particle-velocity  meters  due  to 
their  finite  length.  Much  poorer  correlation  is  observed  in  Figure  5,  which  pertains  to 
vertical  fluid-particle  velocities.  This  is  caused  by  the  fact  that  the  USA  Code  ignores 
the  effects  of  gravity,  which  are  small  during  the  time  spans  of  interest. 

Figures  6-11,  which  pertain  to  Points  2  and  3,  exhibit  the  same  characteristics 
observed  in  Figures  3-5,  with  the  exception  that  the  direct-wave  component  of  the 
vertical-velocity  response  at  Point  3  is  predicted  quite  accurately  by  the  USA  Code. 
Finally,  note  that  the  late  time  effects  shown  in  the  figures  (i.e.,  those  for  t  >  105 
msec  in  Figures  3-5,  those  for  t  >  120  msec  in  Figures  6-8,  and  those  for  t  >  100  msec 
in  Figures  9-11)  are  not  treated  by  the  incident-wave  cutoff  model. 

Based  upon  the  agreement  between  the  USA  Code  predictions  and  the  UERD  test  results, 
we  conclude  that  the  incident-wave  surface-cutoff  model  developed  for  the  USA  Code  fully 
and  accurately  simulates  the  pressure  and  fluid-particle-velocity  fields  associated  with 
shock  waves  generated  by  near-surface  underwater  explosions. 
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Figure  3.  Calculated  and  Measured 

Pressure  Histories  at  Point  1 
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Figure  4. 


Calculated  and  Measured  Horizontal  Fluid 
Particle-Velocity  Histories  at  Point  1 
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Figure  5.  Calculated  and  Measured  Vertical  Fluid-Particle- 
Velocity  Histories  at  Point  1 


lo 


VELOCITY  (ft/sec) 


Figure  7.  Calculated  and  Measured  Horizontal  Fluid- 
Particle-Velocity  Histories  at  Point  2 
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Figure  8.  Calculated  and  Measured  Vertical  Fluid- 
Particle-Velocity  Histories  at  Point  2 
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Figure  11.  Calculated  and  Measured  Vertical  Fluid- 
Particle-Velocity  Histories  at  Point  3 
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Lockheed  Missiles  J  Space  Co,  Inc 
ATTN:  TIC,  Lib 
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M  &  T  Company 

ATTN:  D.  McNaight 

Management  Science  Associates 
ATTN:  K.  Kaplan 

McDonnell  Douglas  Corp 
ATTN:  R.  Halprin 

NKF  Engineering  Associates,  Inc 
ATTN:  P..  Belsheim 

Pacific-Sierra  Rsch  Corp 
ATTN:  H.  Brode 

Pacifica  Technology 
ATTN:  R.  Bjork 
ATTN:  G.  Kent 

Physics  Applications,  Inc 
ATTN:  C.  Vincent 

Physics  International  Co 


ATTN: 

J.  Thomsen 

ATTN: 

E.  Moore 

ATTN: 

Tech  L'b 

ATTN: 

F.  Sauer 

ATTN: 

L.  Behrmann 

University  of  Pittsburg 

ATTN:  M.  Willims,  Jr 

R  &  D  Associates 

ATTN:  P.  Haas 

Science  Appl ications  ,  Inc 
ATTN:  Tech  Lib 

Southwest  Research  Institute 
ATTN:  W.  Baker 
ATTN:  A.  Wenzel 

SRI  International 

ATTN:  G.  Abrahamson 
ATTN:  W.  Wilkinson 
ATTN:  A.  Florence 

Systems,  Science  S  Software,  Inc 
ATTN:  T.  McKinley 
ATTN:  D.  Grine 
ATTN:  T.  Cherry 
ATTN:  lib 
ATTN:  T,  Riney 
ATTN:  R.  Sedgewick 
ATTN:  K.  Pyatt 

Teledyne  Brown  Engrg 

ATTN:  J.  Ravenscraft 

Tetra  Tech,  Inc 

ATTN:  L.  Hwang 

TRW  Defense  &  Space  Sys  Group 


ATTN: 

F.  Pieper 

ATTN: 

P.  Dai 

ATTN: 

G.  Hulcher 

ATTN: 

E.  Wong 
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